found that patients with an acidophil tumour of the pituitary excreted creatine in the urine, and this was later confirmed (Cumings, 1944) . It was also shown in the latter paper that the fasting blood creatine was raised above the normal in acromegaly, and the results of a creatine tolerance test were given in five cases of pituitary disorders. The cause of the creatinaemia and creatinuria in acromegaly is obscure, but it had been shown previously that the urine excretion of creatine paralleled the height of the blood creatine provided that a level higher than 0.6 mg./100 ml. had been obtained. Guanidoacetic acid has been shown to be a precursor of creatine (Borsook and Dubnoff, 1940; and its estimation in pituitary disorders does not appear to have been recorded previously. This paper records a large series of patients with pituitary disorders, together with a few cases of thyrotoxicosis, in whom creatine and guanidoacetic acid studies have been made.
after each urine had been treated with arginase to remove any arginine present. The arginase was prepared by the technique described by Hoberman (1947) .
Results
Examples of results in each group are recorded in Appendix 1 and Appendix 2, and one example in each group is shown in the figures.
Normal Controls.-None of the 10 controls showed any creatinuria, and the amount of urinary creatinine was reasonably constant from day to day. The fasting blood creatinine was 0.5 mg./100 ml. or below in nine cases and in the other case 0.6 mg./100 ml., and this can be regarded as normal since Samuels, Sellers, and McCaulay (1946) obtained figures of up to 0.6 mg. /100 ml. in normal controls even though Tierney and Peters (1943) found figures of up to 0.5 mg./100 ml. only.
Guanidoacetic acid was estimated in I CREATINE four of these controls and a normal case of chromophobe adenoma. creatine than was to be seen in the control group. Guanidoacetic acid was estimated in all except one case, and raised excretion rates were seen in all the patients except one, the only one who had a suprapituitary cyst. The usual excretion was as high as 80-100 mg. a day. The patient with a raised blood creatinine had a severe nephritis from which he died post-operatively. Fig. 2 shows the findings in one case.
Acromegaly. -There was creatinuria in all except two patients, one of whom was examined nine years after removal of the pituitary acidophil tumour, and the other (S.D.) who was clinically normal following hormonal therapy. There was a raised fasting blood creatine in 10 out of the 11 patients, the only normal level of creatine being seen in the clinically normal patient who had received hormone treatment. The creatine tolerance test gave results similar to those previously recorded (Cumings, 1944) .
Guanidoacetic acid was estimated in seven patients in this group, which included the patient apparently cured by hormones and another only examined postoperatively. These two patients showed a slightly raised excretion of guanidoacetic acid of up to about 60-80 mg. daily, but one of them excreted very little urine in each 24-hour period. The remaining five typical cases all showed a markedly increased excretory rate, usually of about 100 mg. daily.
A few of the patients were examined after operation and after hormone therapy as well as before these treatments. One patient, five years after operation, showed an improvement in the creatinaemia and creatinuria, and, except for one day during the test period, passed no more guanidoacetic acid in the urine than a normal control. Another patient nine years after operation showed no creatinuria even though the fasting blood creatine was slightly raised. One patient who showed the usual chemical findings seen in acromegaly was given hormone therapy, but after six months there were no improvements in blood or urine chemistry though there had been some clinical improvement. The other patient similarly treated, but for a much longer period, was practically normal when examined clinically and pathologically. An example of one of these cases is shown in Fig. 3 Thyrotoxicosis. -Three patients were examined and all showed creatinuria with a fasting blood creatine, although in no case was this latter figure as high as that seen in the cases of acromegaly. Guanidoacetic acid is formed in the kidneys Borsook, Dubnoff, Lilly, and Marriott, 1941) by transamidination from the aminoacids glycine ad arginine, and is then transformed into creatine by methylation, probably utilizing methionine. This latter process probably takes place in the liver Dubnoff, 1940, 1947; Bloch and Schoenheimer, 1941) , although there is some evidence from examinations made in cases of nephritis that this can also take place in the kidneys (Samuels et al., 1946) . It would appear, therefore, that the overaction of some of the pituitary cells affects these chains of events and so alters the urinary excretion of these substances.
There is in acromegaly not only an increased production of guanidoacetic acid but also an increased formation of creatine, hence the increase in production of the former substance must be quite considerable. It is different in a patient with a chromophobe adenoma as there is here an excess of guanidoacetic acid but no increase in creatine excretion; it would appear unlikely that any storage of creatine is taking place as this would need to be considerable, and, further, there is no increased excretion of creatinine over the normal, nor is there any creatinaemia. Equally, the excess of guanidoacetic acid must be an excess of production otherwise the blood level of creatine would drop and there would be a lowered excretion of creatinine. Further, because of the normal urinary creatinine and blood creatine it cannot be assumed that the guanidoacetic acid is not being made into creatine. It may be mentioned that in neither acidophil nor chromophobe tumours can any evidence be found biochemically of liver damage, as a number of liver function tests have been carried out in these patients and no abnormality has yet been detected; further, in one patient only was there any evidence of renal disease, 2A and the results obtained in that case, apart from the level of the blood creatinine, were not significantly different from the others in his group. Borsook and Dubnoff (1947) showed that the presence of creatine in high concentration may retard the methylation of guanidoacetic acid to such an extent as to give a raised excretion of this substance. This cannot be the mechanism in acromegaly, for then one would expect to see the same process in thyrotoxicosis, but in this condition the guanidoacetic acid excretion is normal. It is therefore unlikely that the pituitary thyrotropic hormone plays any part in acromegaly, and further proof of this is seen in the inability of thiouracil to affect the creatinuria in acromegaly as it does in thyrotoxicosis (Schrire, 1948) .
Hoberman, Sims, and Engstrom (1948) showed that methyl testosterone given to normal men produced creatinuria and also an increased urinary excretion of guanidoacetic acid, and they state that this is due to an increase in synthesis of creatine as a result of the effect of this hormone on the reactions involved in the synthesis of guanidoacetic acid. Samuels, Henschel, and Keys (1942) showed that if the methyl testosterone be given for some weeks then there is also creatinaemia and creatinuria occurring usually after 10 days' treatment with methyl testosterone. In the same way testosterone propionate as well as methyl testosterone produced similar results although not giving such a high level of excretion of creatine and guanidoacetic acid in the urine (Hoagland, Shank, and Gilder, 1944) . These findings would seem to give a hint as to the mechanism causing the disturbance that is found in pituitary disease. It is not suggested that it is necessarily either of these two hormones that is responsible, but it does seem probable that the acidophil and the chromophobe cells each elaborate hormones that act in the manner suggested by Hoberman et al., and it does seem to be true that the effects of both methyl testosterone and testosterone propionate are those seen in acromegaly. This would seem to be a basis for further study and one on which to build a programme of hormonal therapy for these two types of patients.
Summary
Creatine studies have been made in 10 normal controls, in 26 patients with pituitary disorders, and in three with thyrotoxicosis, and the urinary excretion of guanidoacetic acid followed in 26 of these 39 subjects. It has been shown to be possible biochemically to distinguish between the normal, the thyrotoxic, the acromegalic, and the patient with a chromophobe adenoma of the pituitary. Obesity with Amenorrhoea.-A married woman of 35, whose third and last child was 8 years old, gave one year's history of increasing obesity, having gained 4 stone. Menstruation was almost absent. She was somewhat drowsy and there was increased sweating. There was no headache or visual symptoms. There was some temporal pallor of both optic discs, but no other abnormal physical signs were found. The B.M.R., blood count, C.S.F., and urinary ketosteroids were all normal. The blood sugar curve was normal; radiological examinations were also negative. Examination showed a well-built, normal-looking woman. There was primary optic atrophy and a complete temporal field loss on the right side only. There was also an early loss in the upper and outer part of the left field. The uterus and ovaries were small, but there were no other abnormal physical signs. A radiograph of the skull showed considerable enlargement of the pituitary fossa. Operation revealed a typical chromophobe adenoma (verified histologically). The tumour was removed and there was uneventful recovery. Examination showed a middle-aged, alert woman with unmistakable acromegalic features. There was a large head, massive maxillae, and slightly prognathous jaw. There was little soft tissue hypertrophy. Hands and feet were all large and broad. The skin was smooth and of a fine texture. In the eyes both fundi shQwed definite pallor of the discs, and some bitemporal scotomata were present. The blood pressure was raised, but no other abnormal physical signs were found. Radiologically the pituitary fossa was enlarged.
At operation a pituitary acidophil adenoma (confirmed histologically) was found and partially removed. There was said to be no loss in weight.
Examination revealed a middle-aged, rather thin woman with bilateral exophthalmos, with tremor of the outstretched hands, but no obvious sweating. The thyroid showed a diffuse soft enlargement. The pulse rate varied from 90 to 100 a minute, but the blood pressure was normal. B.M.R. +75% ; blood count normal; blood cholesterol 197 mg. per 100 ml. Thiouracil produced considerable improvement in the clinical condition apart from the exophthalmos. There has been a gain in weight of 4 lb. to 8 st. 10j lb.
